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CHAPTER I 

INTRODUCTION 

Seed quality means many things to many different groups of 

people. In this particular study, seed quality will be defined as 

the performance of a seed with respect to producing a normal healthy 

seedlingo 

Seed quality is one of the most important factors affecting 

the performance and productivity of most agricultural crops. It is 

of the utmost importance to have seed which will produce a healthy, 

initial stand of productive plants. Low quality seed have poor 

germination and low vigor and often fail to produce even under the 

most ideal conditions, while seed of high quality have high germina

tion and high \'igor and are able to perform under less than optimum 

conditions. Vigor would mean the degree of life in a seed, which-

may range from one barely alive to one strong and capable of rapid 

germination and growth in the field. 

Seed quality has been related to both th'j physical and 

physiological characteristics of seed needed to produce and maintain 

good stands vriien planted in the field. The use of high quality cotton-

seed is necessary to meet the ever-increasing need for rapid and 

uniform plant emergence and subsequent plant growth. Today, cotton 

farmers are interested in getting the maximum number of plants per 

acre the ].and can accommodate, as well as plants which are uni.form 



in vigor and size. So it is important to place a greater emphasis 

on seed quality and its influence on uniform emergence and plant 

development. 

One of the more basic problems now confronting the seed 

industry is being able to select good quality seed which have high 

viability, high germination and are able to produce a normal, 

healthy plant. The proportion of cottonseed which will produce 

normal, healthy seedlings is frequently very small, especially on 

the High Plains of Texas, A close examination of planting seed 

would reveal considerable variation in the weight, size, density, 

color and seedcoat integrity. 

After many years, attempts to mechanically select seed 

have led to tlio development of numerous mechanical devices such as 

flotation methods, gravity grading tables and pneumatic separators. 

All of these devices attempt to separate seed according to one or 

more physical characteristics to improve the quality of the lot of 

seed used in planting. The viability of an individual seed can 

not be improved by mechanical separation, but the viability entire 

seed lots can be improved by removing the undesired seed from the 

good seed. 

After the mechanical separation is completed, the performance 

of a given seed lot is still unknown until further evaluations have 

been made. The most widely used evaluation is the standard germina

tion test whereby seeds are allowed to germinate under controlled 

conditions for a given time period. 
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The objectives of the research reported herein are three. 

1. To evaluate a penumatic separator for improving 

seed quality. 

2. To determine Aether seed density was directly 

correlated to cottonseed germination and per

formance, 

3« To determine -vriiat chemical and physiological 

properties were associated with seed density. 

4. To relate these properties to germination and 

plant performance in the laboratory and under 

field conditions. 



CHAPTER II 

REVIEW OF LITERATURE 

Variations in size, weight and shape of seeds have long 

been recognized. Not only has this difference been recognized in 

seed produced in the same field, but within and among fruits from 

the same plant© A number of researchers have recognized the 

problem of obtaining good quality planting seed and have taken 

various steps to study physical parameters of seed and their rela

tion to seed quality and performance. 

Seed Weight 

Webber and Boykin (46), in 1907t were some of the first 

quality. They used flour pasoe co stick linters down on cotton 

seed so that light and heavy seed could be separated in a column 

of moving "'r. They found that the heavy seed yielded approximately 

10/̂  more :̂'";1 cotton per acre than the light seed in field tests. 

Thomas (41) fo^md that seed weight was highly and positively 

correlated with seedling vigor in the initial stages of growth of 

Lolium perenne. but these correlations decreased as the plants 

matured. He stated that the relationship between seed weight and 

some measurements of vigor r̂ y differ from population to population 

and from environment to environment, but the long term cumulative 

effect of seed weight is still substantial. However, Rothman and 

Bowman (32) found conflicting results to those of Thomas. They 



planted 8 lots of Victor grain oat seed with test weights ranging 

from 22 to 3^ pounds per bushel. There were no significant differ

ences among the lots in yield at three seeding rates« Furthermore, 

there was no relationship between initial seed weight and seed 

weight of the resulting crop. 

Schmidt (34) grew plants of buckwheat in solution cultures 

under constant conditions. He stated that the superiority of 

plants produced by the heavier seeds over those from the lighter 

seeds was maintained from the early seedling stage to maturity. 

Pollack and Larson (29) found, within groups of tomato seeds having 

the same weight, a correlation between the days required for germ

ination and eariiness of yield. Oexemann (27) also correlated 

disease susceptibility to light seed. He worked with several dif

ferent types of seeds such as soybean, cucumber and tomato. He 

found a much higher death rate of seedlings grown from light seed. 

He believed that this difference in the mortality rate probably 

was due to differences in plant vigor and disease susceptibility. 

Kunze, Wilkes and Niles (24) found the seed index of 

cottonseed to correlate with seedling emergence within selected 

time periods after planting. They reported that the heavy seed, 

within a given variety, showed earlier emergence, greater total 

emergence, and an increase in the seedling vigor. However con

flicting results have been reported concerning seed weight. 

Christidis and Harrison (9) conducted experiments that showed the 

effect of seed weight on germination differed with different varieties 



of cottonseed. The response with respect to yield was inconsistent, 

so the authors were inclined to consider grading of cottonseed a 

waste of time. Rogler (31) also showed that light, medium and 

heavy seed from gravity graded seed did not produce consistent 

differences in plant populations and yields of crested wheatgrass. 

Staten (38) however, found that light and heavy cottonseed did 

produce the same yields, provided the plant populations were equal. 

Seed Size 

Webster (47) reported on a plant population study using 

lima beans of different seed sizes. He found that plants from 

larger seeds were always the largest and produced the highest 

yields and were least affected by adjacent plants. 

Tompkins (42) reported that broccoli plants from large 

seeds produced a much greater yield of center heads than did plants 

from small seeds. 

Kneeborne and Cremer (23) reportea that large seeds of 

several dryland grasses not only emerged sooner, but the seedlings 

grew at a faster rate than those from small seeds. On the other 

hand, conflicting results have been reported by Kittoch and Patter

son (22) for ten species of dryland grasses. 

Erickson (14) reported that seed size in alfalfa was closely 

associated with both germination and vigor. However, Beveridge and 

Wilsie (5) reported that they found no consistant relationship 

between seed size and emergence in alfalfa. 



Porterfield and Smith (3O) showed that the number of seeds 

per pound of cotton increases as the seed diameter decreases. They 

suggested that the apparent density also increases as the seed 

diameter decreases, Slejher (35) observed that seed viability 

and raw cotton yield were associated with the specific weight and 

size of cottonseed. However Fisher and Presley (16) showed that 

grading cottonseed according to size was essentially of no value 

in relation to laboratory germination and field emergence, 

Helmer and Adbel-al (18) in their studies, found a negative 

correlation between the percent germination and the seed size. 

However, Christidis and Harrison (9) reported that larger seed pro

duced higher yields than average-sized seed. 

Porterfield and Smith (30) stated that the rate of emergence 

among different seed sizes of a given variety was not appreciably, 

different. The small seed emerged as quickly as the large ones, 

but the total emergence was found to vary widely among the seed 

sizes. They also measured plant growth characteristics, such as 

plant height and plant width at harvest time, and they found these 

characteristics were not affected by seed ̂ ize© 

Pollock and Larson (29) found a positive correlation between 

size of tomato seed and early yield, but Rotunno (33) studied seed 

size in radish, and did not find any consistant correlation among 

seed size, seed weight and percent germination. 

Vaughn (44) found no consistant relationship between seed 

size and viability in red, white and crimson clovers but he reported 
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that an increase in seed density of each crop was associated with 

an increase in germination. 

Strickler and Wasson (39) studied oirdsfoot trefoil and 

demonstrated that large seeds were superior to medium and small 

seeds for all normal planting depths. 

Seed Density 

Chester (8) in 1938, was one of the first.researchers to 

begin using density as a source of improving seed lots. He graded 

acid delinted cottonseed by skimming off the seed that floated in 

water. He reported that germination percentage of seed that sank 

in water to be twice that of those that floated. Arndt (2) con

tinued with Chester's ideas and found that the percentage of seed 

that floated in water was influenced by varieties. He also reported 

that the disease incidence was almost twice as great in seed that 

floated in water as compared to those seed that sank, Arndt (3) 

also reported that the seed with a density of 1.0 or greater germi

nated 17#5 percentage points higher than those with a density of 

less than 1.0. 

Burk (7) studied tobacco seed which were selected for their 

density rather than size. He found that high density seed germi

nated faster and more uniformly than unselected seed. Pauli and 

Harriott (23) also found this correlation in lettuce seed. They 

obtained 95 percent germination of lettuce seed by discarding low 

density seed which constituted about 10 percent of the weight of 

the seed lot. They found, through selection for high density seed, 



that the uniformity of seed size was also increased. However, 

they found that density was far more important than size in 

selecting seed for high germination, 

Wilkes, Kujize and Niles (48) have reported that cottonseed 

density is directly related to the rate of emergence and the total 

emergence. By using gravity graded cottonseed, they made further 

density separations with an air separator. The highest density 

fraction of seed produced a more uidform stand in the shortest 

time. 

Muhtarov (26) sorted cottonseed into three fractions of 

large-heavy, medium, and small-light seed. In field results, the 

large-heavy seed germinated better, produced thicker stands and 

higher yields than the other fractions. 

Justus et. al. (21) separated seeds into three size classes 

and subdivided these into 5 density grades. Tae results indicated 

that the s.-^ne density levels from all size classes behaved similarly 

within a S'^:-^ lot, and density was more highly correlated with field 

emergence percentage than with germination percentage or vigor 

rating. 

Gregg (17) demonstrated that field emergence and three-week 

survival were highly correlated with bulk density of cottonseed. 

Also Broyles (6) found that plants developing from the last 10^ 

of the seeds to germinate and emerge were significantly later in 

average date than those produced by early emerging seedlings. 

Johnson (20) separated acid delinted seed into four bulk 

density groups. He reported that within each variety, seed with 
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the highest bulk density had the highest germination percentage. 

In the field the high density seed emerged more rapidly into more 

vigorous seedlings than did the low density seed. The vigorous 

seedlings flowered and fruited earlier aiid yielded more than 

plants grown from the low density seed. 

Ali (1) in 1965 did work to identify and specify the corre

lation between certain physical factors of cottonseed. He ran

domly selected cottonseed which were acid delinted. He used water 

flotation methods to produce floating and sinking fractions, and then 

determined the volume, weight and density from the two fractions. 

He found a significant linear correlation between volume and 

weight, weight and density, but not between volume and density. 

He did not study the relationship of these factors to seedling 

vigor. 

Tupper (43), in studies of the physical characteristics 

of cottonseed, found that seed density was the most closely 

correlated characteristic to germination. He found that the 

higher seed weights generally showed earlier emergence and higher 

total emergence. Plants grown from light seed were adversely 

affected by higher plant populations as compared to those grown from 

heavy seed. He also reported that seed density had a very strong 

influence on the eariiness of germination. 

An important concept was stated by Chester (8) concerning 

seed density. He stated that the heavy seeds are not only rela

tively disease free, but in addition, they represent the seed with 
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the largest amounts of reserve food. This implies greater vigor 

throughout the early period of seedling development. To substantiate 

Chester's statement, Wanjura and co-workers (45) showed that the time 

reqxiired for emergence is a good indication of a cotton plant's 

vigor and potential yielding ability. 

Seed Color 

Vaughn (44) and others (11, 12) have reported a correlation 

between color and viability of red clover seed. Delouche (10) 

demonstrated that crimson clover could be separated into frac

tions of high, medium and low germination with a color sorter; 

however, the capacity of his machine was very small. Color 

sorting also has been used to separate wetsd and broken or cracked 

seed from desirable crop seed. 

Seed CoriDorition 

Snyder (37) investigated the chemical composition and 

physical properties in light and heavy grains of wheat, oats and 

barley. He found that light seeds have a tandency to contain 

greater percentages of nitrogen, phosphoric acid and potash than 

do heavy seeds. This suggested that the light seed were perhaps 

more valuable for seed purposes than heavy seeds. A careful inter

pretation of the results however, led him to the opposite conclu

sion. When the weights of the seeds were considered jointly with 

the percentage composition, the heavy seeds were decidedly more 

preferable for both commercial and seed planting purposes. 
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Smith and Weber (36) and Ferr and Weber (15) studied mass 

selection by density for protein and oil in soybeans. Selection 

for small seed and low density resulted in a high oil content and 

a low protein content. High seed density was associated with 

high protein and low oil content as well as late maturity. 



CHAPTER III 

MATERIALS AND METHODS 

Seed Selection 

Eleven lots of seed consisting of 10 different varieties of 

upland cotton (Gossypium hirsutum L.) were used in this study (Table 

1). The seed were supplied by Grower's Seed Association of Lubbock, 

Texas. All of the seed used were grown on the high plains of Texas, 

ginned by area gins, and transported to Grower's Seed Association 

as fuzzy seed. The seed were stored in large bins until they were 

acid delinted. Eight of the seed lots used in this study were 

collected as fuzzy seed from these storage bins. The other four 

seed lots were collected immediately after they had received the 

wet acid delinting process, just before being bagged. 

Delintin? Procoiares 

The eight fuzzy seed lots were uc>linted in the lab using 

the standard sulfuric acid delinting process. The delinting process 

was conducted in the following manner: 

Approximately 3 kg of seed from each lot were placed in 

technical grade concentrated sulfuric acid for 3 minutes, and then 

thoroughly washed with tap water. The seed were then emerged in a 

50^ calcium bicarbonate solution for 2 minutes so that any excess 

sulfuric acid remaining on the seedcoats would be neutralized. The 

seeds were again rinsed in tap water and received a final washing 

with deionized water. After the final washing, the seed lots were 

13 



14 

Table 1. Seedlot numbers and names of cottonseed varieties used 

in this study. 

Identification No, 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Variety 

Western Storm Proof 

Blightmaster A5 

Dunn 56c 

Dunn 56c 

Paymaster 909 

Paymaster 111 

Paymaster 111A 

Paymaster 111F 

Lankart 57 

Lankart 611 

Stripper 3I 
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placed on blotter paper and allowed to dry at room temperature (22 C) 

for 48 hours. After drying, the seed were stored at room temperature 

until further analyses were performed. 

Density Separation 

In order to study the factors associated with density of 

cottonseed, an instrument was needed which would allow various 

density fractions to be separated. Scientific Separators, Inc. of 

Denver, Colorado, loaned us one of their lab models of a pneumatic 

separator.for this purpose. The machine was designed so that 

selected air velocities could be maintained and monitored by 

measuring the velocity pressure in inches of water. 

Each of the delinted seed lots wore separated into 4 

density fractions using selected velocity pressures. It was found 

from preliroinary investigations that the velocity pressures of .25, 

•30» '35 and ,40 inches of water would give the desired density 

separations. 

Density Measur̂ r.ents 

Three random samples of the seed, with 100 seed per sample, 

were used in the density determination of each seed lot. The 

density determinations were conducted in the following manner: 

1) determine weight of 100 seeds 

2) determine weight of 7.00 dram vial and plastic cap 

3) determine total volume of 7«00 dram vial 
(calculated at 25.73 ml/vial) 
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4) place seed into vial. The cap should contain a 
1/8 inch hole in the center to enable the place
ment of water into the vial. 

5) Rapidly fill the vial with water until the total 
volume of vial is filled. 

6) reweigh the vial and calculate the volume of 
water put into vial. 

Calculations: 

Density = & 5 « 
Volume 

weight of seed 
= 25.73 ml - ml of water placed into vial 

weight of seed 
= volume of seed 

= gram/cc 

When density measurements were made, it was extremely 

important to inject the water into the vial as quickly as possible. 

This was especially critical when density measurements were mide 

on low quality seed, because the cracked seed would iiamediately 

start imbibing water. As soon as the m̂ .xiiscus formed on the top 

of the vial, injection of water ceased, ana the weight of water was 

measured. 

Germination Procedure 

Each seed lot was germinated using standard germination 

procedures as outlined in the AOSA Rules for Testing Seeds (4). 

Three replications of 100 seed per sample were germinated from each 

density fraction. The seed in each replication were placed on 

germination towels, with the towels placed between 2 pieces of 
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blotter paper. The towels, seed and blotter paper were then wetted 

with a .01^ sodium hypochlorite solution. The blotters, seed and 

towels were wrapped with a piece of wax paper, with the ends left 

open for air circulation, folded and placed in the germinator. 

The germinator was set for an alternating (20-30 C, 1 6 - 8 

hour) cycle for all the samples. Tae percent germination was counted 

on the beginning of the fifth and twelfth day. 

The germination counts were made in accordance to the 

following definitions: 

1) Germinated seed - those seedlings which upon visual 

observation showed the desired qualities to produce 

normal, healthy plants. Each of the plants had to 

possess at least a Z^iam radicle or greater in order 

to be classified as a germinating seedling. 

2) Non-germinated seed - those seed which either did not 

germinate at all, or those seedlings upon visual 

observation possessed abnormal defects such as 

nub-root, curled or enlarged root tip. Those 

soedlings having a radicle length of less than 25 mm 

were also considered non-germinated. 

Radicle Elongation Study 

In conjugation with the germination study, a radicle 

elongation study was undertaken. Two seeds from each density 

fraction of two varieties (Lankart 57 and Stripper 31) were used 
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per replication with 10 total replications. These two different 

varieties were chosen in order to compare a small seeded variety 

(Stripper 31) to a large seeded variety (Lcinkart 57). The two 

seeds in each replication were placed on germination towels and 

blotter paper as described in the previous germination procedure 

except the wax paper was not used. The seeds on each germination 

towel were identified individually and radicle length was measured 

every 24 hours beginning 48 hours after initiation of imbibition 

until the end of the fifth day. The radicles were measured from the 

tip of the primary root to the junction of the epicotyl. The 

average radicle length was obtained by summing all length measure

ments for each replication and dividing by the number of seedlings 

measured. 

Water Imbibition and Leachate Study 

The rate and extent of water imbibition and amount of 

leachate as a function of seed density was determined for two 

varieties (Lankart 57 and Stripper 31)• 

Two temperatures (16C + 1C and 21C + 1C) and 4 time periods 

(4, 8, 16 and 32 hours) were other variables used in the study. 

One hundred seeds from each density fraction were used per 

replication with two replications allowed to imbibe water for each 

of the time periods at each temperature regime. Each replication 

was placed in a glass beaker containing 100 ml of deionized water. 

All beakers were allowed to equilibrate at the desired temperature 

in the germinator for 48 hours prior to placing the seeds in the 
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water. After each seed lot had imbibed water for the given time 

limit, it was removed from the beaker and then exposed to hot air 

for 2 minutes allowing the surface water on the seeds to be removed. 

A hand hair dryer was used to supply the hot air. The seeds were 

then weighed to determine the amount of imbibed water. Each seed 

sample was then allowed to remain at room temperature on blotter 

paper for 1 hour and then reweighed to measure the amoxint of free 

water lost. The seed samples were then placed in a forced air drying 

oven at 85C and dried for 24 hours. Dry weight measurements were 

then made. 

An analysis of the leachate water was conducted to determine 

if any differences in concentrations of select compounds leached 

out of the various density groups as a function of time or tempera

ture existed. 

The electrical conductivity (EC mmhos/cm) of each leachate 

sample was -n'̂ asured using a Becknan Solu Brid;3e, 

Tot-'l soluble carbohydrates were measured using the anthrone 

procedure for colormetric determination of carbohydrates (40), A 

1 ml sample was placed in a test tube. Ten ml of anthrone reagent 

was added to each tube and then shaken vigorously for 30 seconds. 

Each test tube was then heated in a hot water bath (95C) for 15 

minutes and then placed in an ice bath for 3 minutes. The samples 

were then transferred to cuvettes and the percent absorbance was 

measured with a Bausch and Lomb Spectronic 20 Colorimeter using 

620 mu light. From the absorbance value, the carbohydrate content 

was calculated from a standard curve. 
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Calcium and potassium concentrations were determined by 

means of atomic absorption spectrometry, using a Perkin-Elmer 290B 

Atomic Absorption Spectrophotometer. 

The ammonium molybdate - ammonium vandate method (19) for 

phosphorus was used, but the concentrations in the leachate samples 

were below the limits of detection of the method. 

The pH of each leachate sample was measured using a Sargent-

Welch Model NX pH meter. 

Seedcoat and Kernel Vfeight 

Representative samples of each density fraction for all 11 

seed lots were used in the study. The seedcoats were removed from 

the kernels of each fraction and the percentage of seedcoat and 

kernel was calculated. After weighing, each separate was allowed 

to dry in a forced air drying oven at 45C for 24 hours, then re-

weighed to determine moisture percentage. 

After determining the seedcoat and kernel weights, it 

became obvious that seedcoat weight changed very little within 

density fractions for a given variety; however, the kernel weight' 

had a marked difference in weight. Since the kernel contains 

most of the compounds necessary for metabolic processess, only the 

kernels were used in determining the amounts of lipids, carbohydrates, 

minerals, and total nitrogen. 
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Lipid Extraction 

Two replications of the kernels from each density fraction 

of each variety were used to determine lipid content. The samples 

were macerated in a blender with 60 ml of chloroform. The samples 

remained in the cliloroform for 24 hours to allow for complete 

extraction of the lipids. After the 24 hour extraction period, 

the sample rrdjctures were transferred to tared alunduui filtering 

crucibles. The mixture was then filtered by applying suction 

(20 psi) with a vacuum pump. Each sample was washed at least 3 

times with 20 ml aliquots of chloroform to insure that all lipids 

would be removed from the crucibles. After filtering, the crucibles 

were placed in a forced air drying oven (50C) for 2 hours so that 

any excess cliloroform could be removed from the kernels and 

crucibles. The crucibles were removed from the oven, allowed to 

cool to room temperature, and then reweighed. The percent lipids 

removed were calculated in the following manner: 

X = initial weight of kernels before extraction 

y = initial weight of crucible 

z = weight of crucible + extracted kernels 

z-y = weight of extracted kernels 

x-(z-y) = weight of lipids removed from kernels 

c-(z-y) - d. X 100 = /* lipids removed 

The lipid free kernels were removed from the crucibles, 

ground to a fine powder with a mortar and pestle, and placed in a 

glasc container. They were stored until further analyses were 

conducted. 
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Carbohydrate Determination 

A 500 mg lipid-free kernel sample from each density fraction 

was weighed and placed in an erlenmeyer flask. Each sample was 

replicated 2 times. Forty mis of O.5 N HCl was added to each flask 

and the mixture was shaken for 5 hours on a mechanical shaker. 

After shaking, the samples were filtered through Whatman #2 filter 

paper. The residue was washed twice with I5 ml aliquots of 0,5 N 

HCl to insure that all carbohydrates had been extracted. Upon com

pletion of filtering, the filtrate was diluted to 100 ml volume 

with deionized water. The carbohydrate concentration was determined 

using the anthrone procedure for soluble carbohydrates as described 

on page 21 (40). 

Mineral Elê 'ient D'.-;ter!nination 

From the lipid-free kernel samples, a 500 mg sample was 

placed in Coors porcelin ashing crucible. The crucibles were heated 

in a muffle; furnace at 550C for 8 hours. After heating, the 

crucibles were removed from the furnace and allowed to cool to room 

temperature. One ml of deionized water and 2 drops of 12 N HCl 

were added to each crucible and allowed to stand for 20 minutes. 

Then each sample was filtered through #2 filter paper and washed 3 

additional times using 15 cd. aliquots of O.5 N HCl. Upon completion 

of filtering, the filtrate was brought to 100 ml volume. From the 

100 ml volume, proper dilutions were made for analyzing the following 

elements: K, Na, Ca, Mg, Zn and P. All mineral elements were 
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determined using atomic absorption and flame emission spectrometry, 

except phosphorus which was determined colormetrically (19)» 

Conc»3rning the phosphorus determination, a 10 ml aliquot 

of the initial filterate was placed in a 50 ml volumetric flask. 

Ten ml of ammonium molybdate-ammonium vandate solution was placed 

into each flask, and then brought to volume with deionized water. 

The volumetric flasks were shaken and allowed to stand 5 minutes. 

Then each sample was placed in cuvettes and read on the Bausch and 

Lomb Spectronic 20 Colorimeter using 420 rau light. The absorbance 

was read for each sample, and P concentration was determined from 

a standard curve. 

Total Nitro-en Determination 
1 1 J _ I 1 1 II -I h • I I I ! 

The total nitrogen of each variety was measured by using 

the Dumas Method (25), Four replications from each density fraction 

of dry, defatted material was used. Seventy mg of sample were 

weighed and placed in a combustion tube of a Coleman Nitrogen 

Analyzer, The volume of nitrogen produced was calculated and total 

nitrogen of the sample calculated. 

Procedure for Chemical Calculations 

After the lipids were removed from the kernels, then all 

further chemical analysis was determined using the lipid-free kernels. 

The percentages of carbohydrates, total nitrogen, and minerals of 

the kernels were calculated on the basis of whole kernels before the 

lipids were removed. The results of the chemical analyses are 

expressed as mg/kernel. 
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Field Emergence Study 

The field emergence study was conducted on the Texas Tech 

Agronomy Farm at Lubbock, Texas. The study was initiated by 

planting each density fraction (4 replications) of 4 varieties in 

the field. These varieties were Lankart 57, Lankart 611, Stripper 

31 and Dunn 5^0. The experiiriental design of the field experiment 

was a split plot design with a factorial arrangement of the treat

ments • 

The variables and degrees of freedom used in the statistical 

analysis are as follows: 

Total Main Plots d.f. 

Density X Reps 

Density 

Error A 

Total Sub-plots 

Density X Variety X Reps 

Density X Reps 

Varieties 

Variety X Density 

Error B 

15 

3 

12 

d.f. 

63 

15 

3 

9 

36 

The initial date of planting was May 15t 1971• The average 

soil temperature for all plots was 21C, The field in which the test 

was conducted was classified as Amarillo fine sandy loam. The land 

had been pre-irrigated on April 28, All during the growing season. 



cultural practices for optimum growth were conducted. Each of 

the rows were staked out in 50 foot lengths. A portable hand garden 

planter was used in planting the seeds at a if inch depth. The 

exact number of seeds planted were known for each row. Knowing 

the number of seeds enabled the rate of emergence and total 

emergence to be determinedo Beginning on the 8th day after 

planting and continuing for 5 consecutive days, the number of 

emerged seedlings were counted. A seedling was considered emerged 

when the cotyledons were completely above ground. The number emerged 

per replication was converted to a percent value. On the 40th day 

after planting, a final count was made, averaged, and reported as 

the percent total emergence. 

The cotton fruiting efficiency for each plot was measured 

by the relative fruitfulness and fruiting index for each variety 

and density fraction. These measurements were taken on September 

16, I97I0 

Relative fruitfulness is defined as: 

nuĵ iber of boll s/rl ant 
fresh weignt, oi' vegews.i:ive plant parts 

Fruiting index is defined as: 

oven dry weight of bolls 
oven dry weighi. of vegetative plant 

W 

A total of 20 plants (5 plants from each replication) were 

used in this analysis. The plants were cut from the root at soil 

level and then immediately separated into bolls and vegetative 

parts and weighed. Each plant was weighed separately. From these 

weights, the relative fruitfulness could be determined. Each of 
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the plant parts and bolls were placed in paper sacks and placed in 

a drying room and allowed to dry for 1 week. At the end of the drying 

period, the sacks were reweighed so that the fruiting index could be 

calculated. 

Analysis of Data 

After the replicated physical and chemical parameters were 

measured and calculated, the results were statistically analyzed 

using analysis of variance. Simple correlations were calculated 

in all possible combinations within each lot and on combined data 

from all lots by the IBM 36O Computer in the Texas Tech University 

Computing Center, Wherever significant differences occurred 

Duncan's lioltiple Range Test was used to x'-ank the means. 



CHAPTER IV 

RESULTS AND DISCUSSION 

After the seedlots were acid delinted and allowed to dry, 

visual differences were noticed among the various seedlots. Some 

seedlots appeared to have a large percentage of shrunken and cracked 

seed. When a shrunken or immature seed was separated to expose 

the kernel and surrounding seedcoat, it •vrais noticed that the seed 

was usually lacking a full, we3J. developed embryo. This immature 

kernel often results in a non-viable seed. Seed with cracked seed

coats are usually non-viable due to exposure of the kernel to strong 

acids during delinting, thus destroying the kernel, 

Pl^sical Characteristics 

Density 'When the seedlots were separated into the various velocity 

pressure fractions, visual differences were again noticed among 

the different groups. As was expected, the low density groups 

contained a large percentage of the shrunken and cracked seed, 

whereas the highest density group contained mainly dark colored, . 

apparently well developed seed. 

After all 11 cottonseed varieties were separated into 

the four velocity pressure fractions for each variety, density 

measurements were performed on each group. The results of these 

determinations are shown in Figure 1, with seed density plotted as 

a function of velocity pressure. The values plotted in this graph 

27 
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represent the mean values of each density group for the 11 cotton

seed varieties. The 4 velocity pressures used separated the seed 

of each variety into 4 distinct density groups? however, definite 

interactions between varieties were indicated in the statistical 

analysis. After performing a Duncan's Multiple Range Test, the 

data indicated that between the ,30, .35 and .40 velocity pressures, 

there was not a complete separation of all varieties into separate, 

individual groups. This is indicated in Figure 1 by plotting the 

mean + 1 standard deviation unit for each density group. 

It was determined from the Duncan's Multiple Range Test that 

two varieties (Lankart '!)! and Lankart 611) did not separate into 

distinct density groups between the .35 and ,40 velocity pressures, 

while all tho other Varieties did separate into different groups 

(Table 2), This would account for most of the interaction between 

the ,35 and ,40 velocity pressure groups observed in Figure 1. 

The reason for failure of the Lankart cottonseed varieties 

to separate into different density groups can best be explained 

due to diifvjrences in seed formation. In the case of the Lankart 

seeds, there is a characteristic "air pocket" between the seedcoat, 

and kernel; whereas in all the other varieties, no such air pocket 

exists. This air pocket is a genetic trait of Lankart seed, and 

it was found in all the density groups. Since the density is a 

mass/volume ratio, this would imply that the Lankart seed would have 

less kernel for a given volume of seed. Even though the Lankart 

seeds did separate into different velocity pressure groups, using 
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Figure 1. The relationship between velocity pressure and seed 
density groups for 11 cotton var ie t ies . 
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Table 2. The relationship between velocity pressure groups and 

densities of Lankart 57 and Lankart 611 in comparison to all 

other varieties. 

Variety 

Lankart 57 

Lankart 611 

• 

All other varieties 

combined 

Velocity Pressure 
(inches of water) 

0.25 

0.30 

0.35 

0.40 

0,25 

0.30 

0.35 

0,40 

0.25 

0.30 

0.35 

0.40 

Density 
(s/cc) 

0.75 

0.88 

0,93 

0.95 

0.73 

0.91 

0.94 

0.95 

0.75 

0,89 

0.97 

1.02 
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the pneumatic separator, they did not possess the same density 

values in comparison to the other varieties (Table 2). This would 

imply that the pneumatic separator would separate all the other 

varieties used in this study into the same density groups with 

respect to the velocity pressures used; however, a different set of 

velocity pressures would have to be employed on the Lankart varieties, 

Even though Figure 1 indicates that between the .30 and .40 

velocity pressures there is some dependency with respect to cotton

seed variety, the important tiling is that with increasing velocity 

pressure, seed density also increases. 

Seed Index As the density of the seed increased, so did the seed 

index (weight/100 seed). Fig\ire 2 depicts the mean value of the 

seed index for all cotton varieties with respect to their density 

groups. Statistical analysis of the data indicated that seed index 

differed among the four density groups. The mean + 1 standard 

deviation ĵjiit is plotted in Figure 2, w-Dch shows tr.at ar.iong Lhe 

four density fractions, there are four separate seed indexes. On 

a weight basis, the low density seed had a seed index of only 60'5b 

that of the highest density fraction. 

Seed Volume The seed volume was calculated by dividing the seed 

index by the corresponding density. The results are shown in 

Figure 3 for the seed volume of the four density groups. The 

graph shows that the volume/100 seed increased as density increased, 

with a voliime of 8,43 cc for the low density group and 10,67 cc for 

the high density group. The largest increase in seed volume was 
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between the ,75 and ,89 density groups (1.02 cc); however between 

the .89, .97 and 1.02 density groups, there was only a 1.20 cc 

difference. 

Seedcoat and Kernel Weight In order to determine what the weight 

changes in the seed were attributed to, the seedcoat and kernel 

weights were determined. The data in Figure 4 are the mean values 

for all seedcoat and kernels of the 11 varieties. By separating the 

seed of each density fraction into seedcoat and kernel, it became 

apparent that the differences in density and seed weight were a 

function of kernel weight and not due to changes in seedcoat weight. 

Figure 4 shows that the lowest density group contained about equal 

percentages of seedcoat and kernel; however, the highest density 

group had nioro kernel than seedcoat on a weight basis. The 

kernel weights increased approximately 90)o from the lowest to the 

highest density group, whereas the seedcoat weight increased only 

20^. 

Chemical Characteristics 

Since seed index, seed volume, and seedcoat and kernel 

studies were all associated as a function of density, a chemical 

analysis of each density fraction was initiated to try to determine 

if differences existed in the chemical composition. Since the 

differences in seed weight were mainly in kernel weight, and the 

kernels contain all of the compounds necessary for metabolism during 

the germination of the seed, only the kernels were analyzed for 

chemical composition. 
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Organic Analysis The results of the organic analysis are shown 

in Table 3» which represents the mean val"e for all varieties. 

The data indicates that as the density increases, each of the 

organic compounds also increases. The statistical analysis in

dicated that the concentrations of lipids, carbohydrates and total 

nitrogen were variety independent. Also, within a density group the 

concentration of each constituent was variety independent. However, 

the change in concentration of each compoujid from one density group 

to the next was approximately the same for all varieties, 

Duncan*s Multiple Range Test indicated differences among 

the four density groups with the highest density group containing 

approximately 2,5 times as much lipid, carbohydrate, and total 

nitrogen as compared to the lowest density group. 

A comparison of the lipid:carbohydrate ratios (3»13 for 

the low density, 3«40 for the high density) indicates that the high 

density seed contain more oil per unit carbohydrate as compared to 

the low density seed. The carbohydrate:total nitrogen ratios (1,45 

for low density, 1,74 for high density) also showed an increase in 

density groups. The lipid:total nitrogen ratios (4,55 for low den

sity, 5«>74 for high density) again show an increase in the density 

groups, 

The high density seed, having greater concentrations of 

these compounds indicates that these seeds have more reserve food 

available to produce a more vigorous seedling during early stages 

of growth. Having higher ratios of these compounds might indicate 

that the enzyme systems of the high density seeds could initiate 
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Table 3* The mean values of lipids, carbohydrates and total nitrogen 

based on me: per kernel of each density group for 11 cotton varieties. 

Total 
Density Groups Lipids Carbohydrates Nitrogen 

(g/cc) [mb] {m^} (n^) 

0.75 8.92 + 1,31 a* 2,85 + 0,42 a 1.95 ± 0,31 a 

0,89 16.76 + 2.23 b 4.67 + 0,91 b 2.96 + 0.47 b 

0.97 21.52 + 2,05 c 6,05 + 0.96 c 3,60 + 0,50 c 

1.02 24.61 + 3.15 d 7.24 + 1,15 d 4,29 + 0.64 d 

^Letters denote significant difference at the 5 percent level when 
Duncan's Multiple Range Test was used. Comiaon letters show no 
significant difference at the 5 percent level. 

Table 4. The moan values of selected minerals based on mg per 

kernel of each dsnsity grouo for 11 cotton varieties, 
- - I B i l l I ^ - ^ - . - - . -»- . X - I | - I r i I • I • I . _ I I • I • M • ! » — ^ M - ^ ^ B - J W I I W . ^ I 

Density Groups K Na Ca Zn Mg P 
(r":e) (j2Zl (pi?) C l̂O (r^£; (mg) 

0.75 0 .532a* 0 ,022a 0 ,012a O.GO3 a C.135a 0 .275a 

0.89 0.709 b 0,028 b 0,017 b 0,003 a 0,1S3 b 0,375 b 

0.97 0.888 c 0,033 c 0.020 c 0,004 a 0,224 b 0.472 c 

1.02 0.989 d 0,039 d 0,023 c 0,005 a 0.266 c O.53O d 

•Letters denote significant difference at the 5 percent level when 
Duncan's ilultiple Range Test was used. Common letters show no 
significant difference at the 5 percent level. 
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metabolic activity earlier, thus producing a stronger, more 

vigorous seedling in comparison to the low density seed. 

Inorganic Analysis The results for the selected mineral analysis 

are shown in Table 4, These values are the means for all varieties. 

Also shown in Table 4 are the results of the Duncan's Multiple 

Range Test, Similar to the organic analysis, the results indicated 

that the various varieties contained different concentrations of 

these minerals; however, among density groups, the change in 

concentration of these minerals was approximately the same for all 

varieties. The data suggests that every element increased in con

centration as seed density increased. 

Potass?um, sodium and phosphorous were significantly different 

in concentration among the four density groups. Zinc was in such 

low concentrations, that means of detection did not show any sig

nificant differences. Calcium showed differences between the ,25 

and ,30 OwiiiJity groups, but the ,35 and ,40 groups were not signi

ficantly dixierent. The concentration of i.iagnesium was different 

among the density groups, except the .30 and .35 groups were not 

different. 

Whether the concentrations of minerals or organic compounds 

in the low density seed are limiting or not is not known at the 

present time. At the present, it is not possible to determine the 

exact impact of each fraction on the eventual germination of the 

seed. However, the data does support Chester's idea that the 

denser the seed, the more reserve food available to produce a 

normal, healthy seedling (8). 
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Biological Characteristics 

Germination Percentage In order to determine if the different 

density groups represented increasing seed quality, a germination 

study was undertaken. Three replications of each density fraction 

for all 11 varieties were germinated using standard procedures. 

The results of this study are presented in Figure 5» showing only 

the fifth day counts. The data plotted are the mean germination 

percentages for all varieties with respect to their various density 

fractions. Statistical analysis revealed there was higlily signifi

cant differences among the density groups with respect to germination. 

In Figure 5» a direct linear correlation between density and germina

tion perceiiLage is indicated. The standard deviation, + 1 unit, 

for each germinated group is also shoi-m. 

The results from this study (Fi.̂ ure 5) suggest that regardless 

of the variety tested, the lowest density group had the least 

germination (24)'c), and the highest density group had the greatest 

germination percentage (84;b). 

During the germination study, visual differences were noticed 

among the radicles of the four density groups. In general, by the 

end of tho fifth day of germination, the lowest density group 

produced shorter radicles with some abnormal characteristics such 

as enlarged root tip or nub-root; while the high density seeds gen

erally produced healthy, vigorous radicles. Most of the seedlings 

from the low density groups had radicle lengths of 25mm or less. 

Once the abnormal root formed, the radicle usually ceased elongating. 
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However, in the high density seed, the radicles were much longer 

and usually had a low percentage of abnormal radicles. 

Radicle Elongation In order to quantitatively study the differences 

in radicle growth that were observed in the germination test, a 

radicle elongation study was undertaken. The rate of radicle elon

gation of two varieties (Lankart 57 and Stripper 31) was measured 

for each of the different density groups. The Lankart ^1 variety 

was chosen as one of the varieties to study because of its unusual 

behavior as observed in the density separations and germination 

test. The other variety. Stripper 31t vas selected as a variety 

that behaved in a normal pattern as did other varieties with 

respect to the density separation and germination test. 

The identity of each seed was maintained throughout the 

experiment, with all seeds germinated at the same time. The 

results of this study are shown in Table 5o 

In order to clearly see the effect that seed density had on 

radicle elongation, the radicle lengths for both varieties were 

combined, as shown in Figure 10, with radicle length plotted as 

a function of seed density. 

With the radicle lengths for both varieties combined, the 

data in Figure 6 indicates that radicle elongation increased with 

increasing density for the selected time periods; however, the 

highest density group did not show the greatest radicle length 

until 120 hours after imbibition had started. 
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Table 5* Radicle elongation study. The percentage of germinated 

seed and radicle length of each density group for the selected 

time periods. 

Density Groups 
(g/cc) 

0.75 

0,86 

0,95 

0.98 

0.75 

0.86 

0.95 

0.98 

0.75 

0.86 

0.95 

0.98 

0.75 

0.86 

0.95 

0,98 

Time 
. (hrs) 

48 

72 

96 

120 

Lankart 
Length 
(mm) 

13 

14 

20 

12 

28 

25 

42 

30 

35 

35 

46 

40 

5^ 

5^ 

59 

62 

' 57 
Germ 

40 

40 

45 

55 

40 

50 

45 

60 

50 

50 

55 

60 

50 

(^5 

70 

15 

Lankart 
Length 
(mm) 

8 

11 

16 

12 

18 

27 

32 

31 

25 

34 

45 

46 

36 

63 

71 

79 

611 
Germ 

20 

45 

60 

85 

30 

45 

65 

95 

30 

55 

70 

100 

35 

55 

80 

100 

Average 
Germ 

30 

43 

53 

70 

35 

^ 

55 

78 

40 

53 

63 

80 

^3 

60 

75 

88 
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The germination percentage of all density groups was determined 

each day during the study, starting ^S hours after the experiment 

began (Table 5)o The highest density fraction, for both varieties, 

had the highest percent of germinated seeds at each time period, 

confirming the results obtained previously in the germination 

test (Figure 5), It is interesting to note that after 48 hours, 

an average of 70/̂  of the highest density seed had a measurable 

radicle, whereas only 3O/0 of the lowest density seed showed signs 

of germinating. At the end of the 120 hour experiment, the highest 

density seed had the longest radicles and highest germination per

centage, 85/̂  compared to 43^ for the low density seed. This study 

revealed that the low density seeds had not only a lower germination 

percentage, but also produced a less vigorous seedling than the high 

density seed, 

A plausable explanation of v^y the highest density seed did 

not produce t̂ e longest radicles in the early stages of the radicle 

elongation test may have been due to differences of water imbibi

tion rates for the four density groups. The imbibition rate might 

be a function of seedcoat integrity or seedcoat permeability. 

Assuming that the high density seed had a more intact seedcoat than 

the lower density seed, then the amount of time required for water 

to penetrate the seedcoat into the kernel would be different. To 

determine whether seedcoat penneability was limiting the initial 

phases of germination, the following study was conducted. 
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Water Imbibition and Leachate Study The water imbibition and 

leachate study was undertaken to determine if there were differ

ences in the rate and amount of water imbibed and substances 

leached among the four density groups. The study also included 

different temperature regimes (15,5 and 21,1 C) and time intervals 

(4, 8, 16 and 32 hour) to determine the effect of each on imbibi

tion and leachate produced. 

The data from this study are presented in Table 6, showing 

the results of the Duncan's Multiple Range Test, 

The amount of imbibed water was influenced by variety, 

temperature, time, and interactions between variety and density, 

variety and temperature, variety and time, density and temperature, 

density and time, and temperature and time. The difference in im

bibed water betw-een varieties and the interactions where variety 

is concerned is thought to be due to the differences in seed forma

tion. In the case of the Lankart 57i there is the air pockeL between 

the seedcoat and kernel, whereas in Stripper 31i no such air pocket 

exists. When the Lankart ^1 seed were placed in contact with water, 

the air pocket could have acted as a barrier to slow down water 

penetration. When the Stripper 31 seed come in contact with water, 

no barrier other than the seedcoat existed, so imbibition could 

have advanced at a much faster rate than in the Lankart 57 seed. 

As was expected, both the temperature and time influenced 

the amount of imbibed water. For the given time periods, there was 

more water imbibed at 21.1 C than at 15.5 C. 
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The results from the amount of imbibed water with respect 

to density groups and time indicates that the lowest density seed 

imbibed water at a faster rate than the higher density seed 

(Figure 11). This was to be expected since the low density seed 

contain a large percentage of cracks in the seedcoats; however, 

over a given time period, the high density seed imbibed the greatest 

amount of water. The water imbibition data indicates that the 

high density seed, having a less permeable seedcoat than low density 

seed, requires more time for water to penetrate the seedcoat. 

However, once imbibition has begun, it occurs at a much faster rate 

in the high density seed as compared to the low density seed. This 

would partially explain the differences in the results obtained 

in the radicle elongation study; however, it is still unknown why 

there was the increase in germination in the high density seeds 

during the early stages of radicle grox̂ th. 

Differences in the electrical conductivity (EC) of the 

leachate were found to be influenced uy variety, density, time 

and the interactions of variety with j. expect to time (Table 6), 

The differences with respect to variety could possibly be explained 

by the differences in seed size between the two varieties. The 

Stripper 31 seed is much smaller than the Lankart ^ variety seed. 

This means that the Lankart ^ would contain more kernel and 

seedcoat per seed than the Stripper 31. This would imply that 

within a certain density group, there co'old possibly be more 

ionizable compounds which could be leached from the Lankart 57 
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versus the Stripper 31 variety for a given time period. Differences 

among the density groups showed that the low density seed had the 

highest EC. This was expected since the cracked seed would allow 

the ionizable compounds to be more readily leached from the seed. 

Temperature was not a factor in the results on EC. 

The analysis for soluble carbohydrates in the leachate 

is shown in Table 6, Significant differences, with respect to 

variety, density, temperature and interactions between variety and 

density, variety and time and density and temperature existed. 

The differences due to variety could possibly also have been due 

to differences in seed size. The results indicate the low density 

seed leached approximately 7 times as much carbohydrate as did 

the high density seed. The temperature had a marked influence on 

the amount of carbohydrate being leached with twice as much in the 

21, IC compared to the 15*5^, In the density and temperature 

interaction for carbohydrate, it is again noticed a 7 fold 

increase occurs from the lowest to the highest density group. Time 

did not have an affect on the amounts of carbohydrate leached. 

The amount of calcium leached from the seed was signifi*-

cantly different with respect to variety, density, temperature and 

the interactions between variety and density, variety and time, 

density and temperature and density and time. Among the density 

groups, there were considerable ciifferences in the amount of 

calcium leached, based on total calcium content of the seeds. 

Sixty percent of the total calcium leached from the low density as 

compared to 17"/» from the high density seed (Table 5). W^th 60^ 
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of the total calcium being leached from the low density seed, this 

might suggest that calcium is a limiting factor in the growth of 

the low density seedlings. Time did not affect the amount of calcium 

leached from the seed. This is probably because calcium is mainly 

in the form of calcium pectates in cell walls. The pectates are 

not very soluble in water, so over a given period of time, they 

should not be leached from the seed. The calcium that did leach 

was either in an inorganic salt form, or was very loosely bound 

within the cell walls. If 60-fl of the calcium is leached from the 

seed ••"hen it is feasible to assume that degTadation has occurred 

within the cell walls of the seed probably inciicating cell destruc

tion, Vathout adequate concentrations of calcium present in the 

seed to maintain cell wall synthesis, the seed will produce a low 

vigor seedling, ;.'hich would be susceptible to microbial attack. 

The differences in potassium leached i:ore comparable to 

the results obtained with calcium. The amounts of potassiuri leached 

were affected by variety, density, temperature, time and the 

interactions involving variety and density, variety and tenperature, 

variety and time, density and time, and temperature and time. The 

low density groups had 64;o of the total potassium leached compared 

to 225̂  in the high density group. Both temperature and time affected 

the leaching of potassium because potassium is mainly in the form 

of a free inorganic salt which is soluble in water and can readily 

be leached from the seed. 
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The analysis for phosphorous was conducted on the leachate 

of each density group; however, the phosphorous content of the 

leachate was less than the detectable limits of the analytical 

method used. 

The pH of each leachate sample was also determined but 

no ciifferences in pH were found araong the various leachate samples. 

Field Study Since the laboratory studies definitely suggested 

differences in cottonseed performance as a function of their 

den'̂ ity, a study was undertaken in order to determine how seed 

density influenced field performance. The laboratory germination 

tests, under optimum conditions, showed ciifferences among the 

different density groups and it was anticipated that the emergence 

studies in the field would behave in a similar manner, 

A linear relationship was found between seed density and 

total eraergence (Figure 8). The total emergence count was made 

40 days after planting. The values plotted are the mean total 

emergence counts for each density groip of the four varieties tested. 

Similar to the germination tests, each of the density groups were 

significantly different from each other with respect to the total 

emergence of plants. The lowest density fraction had a total 

emergence of 34>o compared to 76,5^ for the highest density group. 

The statistical analysis indicated that there were 

significant differences among the varieties with respect to 

total emergence. Figure 9 shows the average total emergence 

count for each variety tested. The results show that the total 
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emergence was different for each variety. Figure 9 shows that 

Lankart 57 and 611 had lower total emergence in all density groups 

than Dunn 56C or Stripper 31, It was expected that the Lankart 

varieties would have a lower total emergence since it was shown 

that these tv/o particular varieties did not separate into the 

same density groups as the other varieties (Table 2), 

The same relationship, which v/as found in total emergence, 

was found in the rate of emergence for the four field varieties 

tested. The results of this study are shown in Figures 10, 11, 12 

and 13» Each figure represents the average rate of emergence 

for each of the four density groups for each variety. Once again 

the Lankart varieties have a slower rate of emergence than the 

other varieties. Among the four densix-y groups, the Lankart varie

ties did not have a marked increase in their rate of emergence,. 

By the end of the 12th day after planting, the percent emergence 

of the Lankart varieties was approximately the sa.ne (,75 ^^th 

43^, ,93 with ^Ofo). However the Stripper 31 and Dunn 56C varieties 

did have an increase in percent emergence by the 12th day (,75 

with 61^ and ,98 with 77fo) and (,75 with 42;1 and ,93 with 75fO, 

respectively. 

In all varieties tested, it was found that the number of 

plants surviving by the 40th day was less than the number of 

plants emerged at the 12th day in the ,75 and ,36 density groups. 

This means that after the plants had emerged, some of them died 

in the field. The death of these plants may have been due to low 
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vigor of the seedlings that emerged in these lower density ranges. 

Even though the plants did emerge, they were unable to grow into 

normal, healthy seedlings. The plants that died could have 

possibly exhausted their reserve food supply by the time the 

plants emerged. Before the radicles could be established in the 

soil and photosynthesis started, these plants could have been very 

susceptible to seedling disease and microbial attack. Plant loss 

was not found in the higher density seed groups. Those plants 

that had emerged by the end of the 12th day were able to grow 

normally and produce healthy plants. 

The relative fruitfulness data is shown in Figure 14, with 

relative fruitfulness plotted as a function of seed density. The 

data indicates that ,75. •36 and .95 density groups had increased 

relative fruitfulness values. The .98 value fell between the ,75 

and ,36 relative fruitfulness values. 

In Figure 15, it is noticed that the fruiting index 

behaved similarly to the relative fruitfulness values. The .75i 

,86 and ,95 density groups once again had increasing fruiting 

index values. The reduction in the highest density group was 

between the ,86 and ,95 density groups. 

The reason for the decline in the relative fruitfulness 

and fruiting index in the high density group is not known at the 

present time. During the period that this data was collected, 

there were great fluctuations in the environmental factors such 

as a long period of cool, wet days and nights. This enhanced 

verticillum wilt and also reduced the metabolism of the plant. 
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Since this data was taken just prior to opening of the first boll, 

then it is feasible to assume that the various density groups were 

influenced by these environmental factors. 

Another possible explanation might have been due to 

differences in plant population. The high density group had the 

greatest emergence, therefore the highest plant population, V/ith 

increased plants in a given length of row, the high density seed 

may not have had the optimum spacing for them to produce as large 

plants as the other density fractions. However, the trend does 

exist for increased production potential as seed density increases. 



CHAPTER V 

SUMl̂ lARY AND CONCLUSIONS 

Eleven seedlots of acid-aexintea cottonseed, including 

x-en different varieties, were separate^ into xour different 

uensity groups .̂y means of a pneumatic separator. Investigations 

were conductea to relaLe various chemical ana pnysical properties 

to density of cottonseeds, and to evaluate the influence of seed 

densj.ty on germination and plant performance. Both laboratory 

and field studies were conducted to compare the differences in 

need of uhe four density groups. 

Density determinations on all groups indicated that 

pneumatic separation of the difierent cottonseea varieties did 

produce various uensity groups ranging from .75 g/cc to 1,02 g/cc, 

-'iĵ r̂e were, however, two varieties Ua^kart ^7 and Lankart 611) 

which did not separau« j.nto the same aensity groups as the other 

varieties. This was attributed LO differences in the Lankart's 

seed formation, 

wibh respect to seed index, as the density of the seed 

increased, so did the seed indexo Seed Vulume was also increased 

as the density increased. On a percentage basis, the lowest 

density seed contained more seedcoat Lhan kernel; while the 

highest density seed had more kernel than seedcoat. The analysis 

Oi one organic and inorganic constituents revealed unat the nigh 

uensity seed contained more lipid, carbohydrate, total aiorogen and 

minerals than the low density seea. All of these differences 

63 
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seem to support the idea that the denser the seed, the more reserve 

food available to produce a strong, healthy seedling, 

A linear relationship was found to exist between seed 

density and germination, i.e., the germination increased from 26;J 

to 86^ from the lowest to highest density, 

A radicle elongation study indicated that the high density 

seed not only had the highest germination, but produced the longest 

radicles after the fifth day of germination. 

The water imbibition and leachate study indicated that 

differences were found among the density groups with respect to 

rate and amount of imbibed water. These differences were attributed 

to the fact that the low density seed contained a large percentage 

of cracked seedcoats, which would allow more water to initially 

be taken into the seed. The leachate produced fror.i the density 

groups showed that more carbohydrate, calci'iî n, potassium and 

other ionizable salts leached from the low density seeds as 

compared to the high density seeds, V/ith approximately 6O75 of the 

total calcium and potassium being leached from the low density seed, 

this would indicate that these two minerals could be liriiting in 

these seeds since they contained low amounts initially. 

Differences in the rate of emergence and total emergence 

were found in the field study. The high density seed had a higher 

percent total emergence than the lower density fractions. The 

number of plants remaining at the end of the 40th day after 

planting reflects the effect of germination and emergence percentage, 
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High density seeds were better suited for survival and establish

ment than those produced by low density seed. The advantage of 

high density seed in these respects would be reflected in higher 

yield. 

In conclusion, seed density (wt/volume) greatly influences 

the performance of a cotton seed, and techniques should be de

signed to separate planting seed on this physical property 

rather than any other. 
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